Evidence from Three US Cities
Introduction
One oft-cited explanation for underinvestment in residential energy efficiency is that homeowners do not expect to occupy their homes long enough to realize energy savings benefits that offset their investment costs. If energy efficiency features of a home are capitalized in the selling price, then homeowners could recoup their costs when they sell their homes, but it is unclear whether this is indeed the case. One barrier is a lack of information. Homebuyers may be unable to accurately observe a home's energy efficiency as features such as wall and attic insulation, air ducts, and even heating and cooling equipment efficiencies are difficult to see or fully understand. Moreover, sellers may not be able to credibly signal that they are selling an energy efficient home.
The federal government's Energy Star program was designed, in part, to overcome some of these information problems. New homes certified under the program are designed and built to be 15 percent more efficient than new homes that meet most current building codes. To obtain the Energy Star label, the home must go through a process of inspections, testing, and verification set up by the US Environmental Protection Agency (EPA). The EPA estimates that over 360,000 Energy Star homes were built nationwide over the first 10 years of the program, In this study, we analyze the effect of Energy Star and two local "green" certifications on sales prices of homes in three urban areas: Austin, Texas; Portland, Oregon; and the Research Triangle area of North Carolina. These three cities are chosen because realtors participating in the multiple listing services (MLS) in these regions have agreed to report a set of "green" characteristics on home listing sheets. These data include information on green and energy efficiency certifications that could reduce the extent of imperfect information in the market for residential real estate. 2 We examine over 170,000 housing transactions over the 2005-2011 time period and estimate separate hedonic price models for the three cities, including zip code and sales month/year fixed effects to control for unobserved factors that affect sales prices. To identify the treatment effect of certification, we match houses on the basis of vintage; in other words, we compare noncertified to certified houses that were built in the same year. We focus our analysis on single-family homes.
Our results suggest that Energy Star certification increases the sales prices of singlefamily homes that were built during the first 10 years of the program but has no statistically significant effect on prices for homes built after that (post-2006) . This finding is consistent across the three markets, though the magnitude of the effect for the 1995-2006 homes varies slightly. This suggests that, as the energy efficiency of new homes has improved and building codes have tightened over time, the value of Energy Star certification has decreased.
The local certifications in Austin and Portland appear to have larger effects on sales prices than Energy Star, and the effect holds for newer homes as well as older ones. In Austin, certified homes sell for 9-20 percent more, all else equal, than noncertified homes, with the effects varying by house vintage. In Portland, certified homes sell for 5-12 percent more, depending on vintage. These certifications go beyond energy efficiency to encompass other green attributes such as water efficiency, landscaping choices, and "green" building materials, and these factors could account for some of the price premium. Our study is unable to tease out exactly which factors are most important, but we interview individuals at the certification agencies as well as local builders in the two cities to assess their views. In both cities, these market participants feel that the certifications are more a symbol of overall quality in materials and construction than a reflection of any specific "green" factor, particularly energy efficiency.
These findings highlight the relatively coarse information signal provided by certifications.
To put these findings in perspective, we compute implied annual energy cost savings from our estimated selling price premiums and compare those numbers to estimates of annual energy costs. The annualized value of the premium for Energy Star homes built between 1995 and 2006, amortized over 30 years at a 5 percent discount rate, is $688 per year in Portland, $899 per year in Austin, and $2,734 per year in Triangle. These numbers should represent the average annual energy savings from Energy Star certifications; thus, we compare them to estimated energy expenditures in each city for noncertified homes with similar characteristics and similar vintages. These estimates are obtained using results from a previously published econometric study of residential energy demand (Alberini et al. 2011) , combined with information on house size and other characteristics, local weather variables, and local electricity and natural gas prices.
We find that, depending on the year from which baseline energy expenditure calculations are drawn, implied savings from our regression results are equal to 34 to 38 percent of the estimated average annual energy costs of a home in Portland, 39 to 42 percent in Austin and 115 to 127 percent in the Research Triangle housing market. Since Energy Star homes are required to be, depending on the year built, 15-30 percent more energy efficient than noncertified homes, the estimated premiums are either capturing attributes beyond energy savings, such as home comfort, or buyers are overpaying for certification.
The ratios are significantly higher for the local certification programs in Austin and Portland, typically exceeding 60 percent, and, in the case of the Austin certification program, above 100 percent for most vintages of homes. Only for homes with energy costs well above the average are the ratios of a more reasonable magnitude. The green certifications embody more than energy; they also cover building materials choice, water efficiency, landscaping, and a host of other attributes. Our results suggest either these other attributes are of substantial value or buyers may be overpaying for the certification. It may be the case, as the certification experts and builders in Austin and Portland contend, that homebuyers are paying for the signal of overall quality that the certifications embody. Further research is needed to better understand how consumers interpret home certifications and how they value the combination of "green" characteristics incorporated in those certifications.
The next section of the paper provides a brief review of the literature on building certifications and their impacts on measures of building value such as sales prices and rents. We follow that with a description of the Energy Star program and the two certification programs in Austin and Portland. We then describe our data, including some summary statistics for house sales in the three cities, the hedonic model, and results. We follow the results with our calculations of energy savings and a discussion of those findings. The final section of the paper provides some concluding remarks.
Literature Review
The effects of Energy Star and other certifications for commercial buildings have received a relatively large amount of attention in recent years. In a 2010 study, Eichholtz et al. (2010) use data on US office buildings from the 2004-2007 time period to examine the effects of Energy Star and LEED certifications on contract rents, effective rents (contract rent multiplied by occupancy), and sales prices. In their rental rate regressions, they have data from 8,100
properties, 694 of which are either LEED or Energy Star certified. Their sales sample is much smaller: a total of slightly over 1,800 buildings, only 199 of which are certified. Results show that certified buildings have contract and effective rents that are 3 percent and 6 percent higher, respectively, than noncertified buildings, and that certification increases sales prices by 16 percent. The authors also find that the relative premium for certification is greater in lowerpriced markets. These findings are similar to findings in Fuerst and McAllister (2011) , but the identification strategy in the Eichholtz et al. (2010) study is more robust as the authors match treatment and control buildings by geographic "clusters." Eichholtz et al. (2013) update their 2010 study on US office buildings using a larger data set over additional years, including data after the 2008 real estate crash. They estimate a panel regression of the difference in rents between 2007 and 2009, and separately employ a propensity score matching estimator on sales and rents for a cross section of buildings in 2009. Sample sizes are much larger than in the earlier study: 21,000 property rentals and 6,000 building sales. They find that while rents in noncertified buildings declined between 2007 and 2009, certified building rents remained roughly constant. In the cross section analysis, they find that contract rents are approximately 3 percent higher for certified than for noncertified buildings, and effective rents are 8 percent higher. Sales prices are approximately 13 percent higher for certified buildings.
Thus these updated findings support the authors' earlier results. Eichholtz et al. (2013) also compare these price premiums to the discounted stream of energy savings from certifications based on Energy Star requirements. Results suggest that the energy savings are fully capitalized into rents and sales prices (though it is not clear whether they are overcapitalized).
Some work has been done on building ratings in Europe. In a study of 1,100 rental transactions in the Netherlands, Kok and Jennen (2012) estimate a 6.5 percent discount for buildings with low ratings on the European Union energy performance certificate. Fuerst et al. (2012) look at the effects of the United Kingdom's Energy Performance Certification ratings and find a significant rental premium for the highest-rated buildings. However, in this study, the rated buildings tend to be newer and thus the effect of the rating alone is difficult to disentangle.
Work by Jaffee, Stanton, and Wallace (2011a,b) calls some of these findings for commercial buildings into question. They argue that the structure of leases-in particular, the commonly used "triple net leases" that include energy costs as part of building operating costs but then net them out as a component of tenant lease payments-and commercial underwriting practices provide no incentive for building owners to make their buildings more efficient. In Jaffee et al. (2011b) , the authors use data on over 15,000 office building sales in the United States and estimate an asset pricing model that includes, in addition to building characteristics (as in other studies that rely on the hedonic property model approach), operating expenses, net operating income, and the capitalization rates at sale. They find that Energy Star labels have no effect on sales prices.
Early studies of energy efficiency in residential buildings include Dinan and Miranowski (1986) , who use data on house sales in Des Moines, Iowa, to see if utility bills have an effect on sales prices, and Laquatra (1986) , who uses a measure of "thermal integrity" and estimates a hedonic price model of house sales in Minnesota. Although the sample size is quite small, Laquatra finds that reductions in a home's thermal integrity factor, which is an improvement in energy efficiency, increases a home's sales price, all else equal. Dinan and Miranowski also have a very small sample size, but they have actual utility bills for the homes in their sample. They find that higher bills lead to lower house prices, all else equal. Specifically, the average home price increases by approximately $12 for each $1 decrease in the fuel expenditures necessary to maintain an indoor temperature of 65 degrees during an average heating season. The findings are roughly equivalent to findings in an earlier study by Johnson and Kaserman (1983) for the Knoxville, Tennessee, market.
Two recent studies of residential markets have focused on the impact of solar photovoltaic installations on home sales prices. Dastrup et al. (2012) use data from San Diego and Sacramento counties in California and both hedonics and repeat sales approaches to show that solar panels result in a 3 to 4 percent premium in home prices. They also find that the sales price premium is larger in communities with more registered Prius hybrid vehicles and in communities with a larger share of college graduates. Hoen et al. (2011) analyze home sales across California and find that the average sales price premium on homes with solar panels is roughly compensatory for the installed cost of the photovoltaic system, not accounting for electricity cost savings. They also find that the average premium is larger for existing homes than for new homes. More recent studies of residential property markets that focus on the impacts of energy certification tend to find a sales price premium from these programs. Using data on California real estate transactions between 2005 and 2012, Kok and Kahn (2012) This system provides an energy efficiency grade between A (high) and G (low) to residential properties, and homes with a rating of A, B, or C qualify as "green." They find that homes with a green rating sell for 3.7 percent more than homes with lower efficiency ratings.
Our study follows on these analyses of the impacts of energy and green certifications on residential sales prices. We assess the impacts of Energy Star and local green certifications on home sales prices in three independent real estate markets. This allows a comparison across markets that are very different in climate, home characteristics and prices, and, arguably, household preferences. Incorporation of local green certifications provides an interesting comparison with the well-known national Energy Star program. Use of MLS data from markets where the certifications are explicitly incorporated on house sales listing sheets provides more assurance that prospective homebuyers know whether homes are certified. In general, while certification may be clear for new homes, where builders often advertise it, this is not necessarily the case for sales of existing homes. However, in the three markets studied here, we feel that the information is readily available to homebuyers, and we observe the same information potential buyers have access to when searching for homes. Finally, our econometric approach compares homes of similar vintage, improving on earlier studies that do not include this restriction.
Green Certifications

Energy Star
The Energy Star certification program for new homes has been in existence since 1995 and has evolved over time as state and local building codes, appliance standards, and building practices have evolved. 3 Version 1 of the program was in existence from 1995 through part of 2006. While it specified that new homes had to be 30 percent more efficient than a home built to the 1992 Model Energy Code, there were no inspection checklists for this first version. Version 2.0 strengthened the guidelines and added a thermal bypass checklist, which required an insulation inspection and specified that air gaps and duct work be sealed at points frequently missed in the construction process. Version 2.0 also added efficiency requirements for heating, ventilation, and air conditioning (HVAC) systems and more effectively promoted efficient The Earth Advantage New Homes standard requires homes to achieve a minimum number of points on a scoring sheet covering five categories, including energy efficiency (using Northwest Energy Star as a guide), indoor air quality, resource efficiency, environmental responsibility and water conservation. Depending on the number of points earned, the projects may qualify for different levels of certification: Silver, Gold, or Platinum. Verification that the requirements have been met is conducted over the course of two inspection visits. There are 179 individual items to which points are assigned, organized into 10 categories that include land use and site planning (e.g. lot size, trees, stormwater controls, etc.); several categories that cover energy use, such as building envelope, foundation, and framing (with quite detailed specifications for insulation, for example); HVAC equipment, appliances, and windows; and several items related to construction materials (e.g., recycled content, use of formaldehyde, low VOC paints and adhesives, etc.). Requirements tightened in 2008 and again in January 2012.
Like Energy Star, Earth Advantage certified homes must be 15 percent more efficient than homes built to code. This means that, in theory, all Earth Advantage certified homes should also have Energy Star certification. This is not always the case, however, as some builders in the region find it difficult to meet Energy Star requirements for window glazing (Brown 2012a) . 4 For more information see https://www.progress-energy.com/carolinas/home/save-energy-money/energyefficiency-improvements/residential-energy-conservation-discount.page? (accessed May 7, 2013) . The single-family home rating system for AEGB has five levels indicated by stars; one star is the entry level and five stars is the highest, or "greenest," level. 7 Like the Earth Advantage program, AEGB focuses not just on energy efficiency but also material use, water efficiency, and other factors. Points are assigned for several green characteristics, including various site selection criteria, home design features, material efficiency (which includes house size), construction waste management, a variety of factors related to the thermal envelope, energy efficiency of equipment and appliances, water efficiency, lighting and other electrical efficiency factors, interior materials and paint, and landscaping.
MLS Data
In this paper, we employ real estate data from multiple listing services in the Research Triangle region of North Carolina, Austin, and Portland. MLSs provide a centralized location for real estate agents to advertise and select homes for their clients. We elected to use MLS data because they represent the primary information sources for market participants (i.e., real estate brokers and potential homebuyers) and provide highly detailed house characteristics useful for hedonic analysis. Moreover, the MLSs in these three housing markets have agreed to include information on green and energy certifications, which few MLSs contain. This ensures that such information is readily available to prospective buyers. There is an ongoing movement to incorporate these data into MLSs across the country; as of mid-2012, at least 28 markets in the have facilitated reporting of some green information (Green Resource Council, 2012) . coding entry errors and deal with missing observations, we deleted observations from our data set with unrealistic values for particular data fields containing house characteristics employed in our analysis. We also eliminated very high-priced (above $2 million) and low-priced homes (below $100,000) in an effort to remove the effect of outliers on our econometric results and to limit the possibility of including nonarms-length transactions in our sample. Our lower bound of $100,000 is relatively high as a significant number of sales occur below that level in each market (between 5 and 10 percent of all single-family home sales), but virtually no certified homes exist below $100,000. To identify the effects of certification, we want to ensure that our analysis is focused on the most relevant cohort of homes, so we exclude these lower-priced properties. 8
These changes reduced the size of the original data set from 425,685 total residential property sales across the three markets to 171,087 sales of single-family homes. 9 8 We performed a series of robustness checks on our home price cutoff points, expanding the range of house values to go between the first and 99 th percentile and also the 2.5 th and 99 th percentile. In general, we find that the coefficients change very little for Austin and Portland; the Energy Star coefficients for recent vintage homes in Portland vary the most, but those coefficients are statistically insignificant in all cases. 9 It is not unusual in hedonic property analyses to lose quite a lot of observations because of missing data. Figure 1 shows the distribution of certified home sales as a percentage of all home sales by zip code in each market. There is some geographic dispersion of certified home sales, but certification is more common in some zip codes than others. There are systematic differences in the property characteristics of certified and noncertified homes. Certified homes are substantially newer than noncertified homes, which is understandable since the certification schemes have not been around for a long time. In the Triangle market, certified homes in our sample are almost exclusively newly built homes.
Certified homes tend to be larger, on average, in each of the markets; as home sizes have increased over the years and the certified homes in our sample are newer, this is not a surprise. 
Hedonic Model and Results
A hedonic pricing model expresses the price of a differentiated product, such as a house or a car, as a function of the characteristics of that product. Early work by Rosen (1974) showed that the hedonic price function can be interpreted as the locus of equilibrium points that result from the interactions between many buyers and many sellers in the marketplace. The marginal implicit price of a characteristic of the product is found by differentiating the hedonic price function with respect to the characteristic. Evaluated at an individual's optimal choice, this implicit price represents the individual's marginal willingness-to-pay for the attribute.
In this study we estimate a log-linear hedonic price equation of the following form:
where P ijt is the price of house i in zip code j sold in quarter t. 10 We also used a propensity score matching approach to test for the presence of price premiums from the different certifications. The results that we obtained from this approach were very similar to those reported in Table 6 .
tends to provide less benefit for newer homes in terms of absolute savings. In Portland, where building codes were more stringent, even in the 1995-2006 time period, this same effect holds:
the benefits of Energy Star certification are smaller because more stringent building codes reduce the absolute financial benefit of Energy Star certification. The local certification schemes in Portland and Austin appear to have a larger impact on prices. Depending on vintage, a home with an AEGB rating has a sales price that is approximately 10 to 26 percent higher than a similar home without a rating. 11 In Portland, Earth
Advantage certified homes sell for between 4 and 10 percent more than noncertified homes, depending on vintage (though the effect for some vintages is not statistically significant). 12
Many of the coefficients on house characteristics are statistically significant, and some are important determinants of house prices, particularly amenities such as a pool or waterfront location. House size, the presence of a fireplace or garage, and the number of bathrooms are also important determinants. In addition, newly built homes sell at a premium in all three markets.
We note, however, that there are significant differences in the coefficients across the three markets (as there is for the coefficients on the certification variables). This calls into question results from hedonic studies that pool observations across a wide geographic area and provides 11 The price premium that we identified here is higher than the findings in a master's thesis by Amando (2007) , who found a 5.6 percent price premium for homes that were certified under the AEGB program based on an analysis of 824 new homes sold between 1997 and 2004. 12 These results are somewhat higher than the findings of Griffin et al. (2009) , who found that Earth Advantage certified homes in the Portland area sold for 3-5 percent more than noncertified homes. That study did not control for many other house attributes in comparing certified to noncertified homes. support for our approach of studying markets independently. Housing market segmentation and the proper extent of the market is a long-standing issue in hedonic property value studies (Straszheim 1974) .
Putting the Price Premiums in Context: Comparing to Estimated Energy Expenditures
The results above suggest that local certifications in Austin and Portland have significant value for homes of all vintages and Energy Star certification has value for homes that were built in 2006 or before. In this section, we use the econometric results to infer a discounted present value of implied energy savings from each of the certifications, annualize these numbers, and compare them to estimates of annual energy expenditures for typical noncertified single-family homes in the each of the three markets. This exercise should provide a sense of whether the estimated price premiums from certification are capitalizing future energy savings. If they are, then the ratio of the implied annualized energy cost savings to annual energy expenditures should be roughly equivalent to the percentage of energy savings expected from achieving certification.
As we explained in our discussion of the certifications above, energy savings are typically in the neighborhood of 15 to 30 percent.
To calculate average annual energy cost savings consistent with the house price premiums estimated by our regressions, we solve for the stream of constant annual payments that yield a present discounted value equivalent to the average home price premium. We use a 5 percent discount rate and consider three possible time horizons: 7, 15, and 30 years. We perform this calculation for each vintage category of home and each certification program in each city that we found to have a statistically significant and positive effect on home prices. 13 Table 6 shows the results for an average home. The implied annual energy cost savings vary across the cities, with implied savings in Portland of just under $700 per year, when evaluated over a 30-year time period; implied savings in Austin of about $900 per year, again over 30 years; and implied savings in Triangle of close to $2,750 per year. Using shorter time periods increases the energy savings embodied in the estimated price premiums. Using only a 7-year time period, 13 We also include the implied energy savings for the Energy Star Program in Portland, Oregon, even though the coefficient on that variable was only significant at the 60 percent level. We also did calculations for higher discount rates (up to 15 percent) but we do not report those results here.
which is the average length of time a household lives in a single house in the United States, implied savings are $2,387 in Austin and as high as $7,289 in Triangle.
We do not have actual energy expenditures for the houses in our data set. Instead, we estimate them using electricity and natural gas demand modeling results from Alberini et al. reproduced in the appendix. We use the individual house characteristics in our data set, cityspecific average electricity and natural gas prices and heating and cooling degree days, and average demographic factors, including income, for our cities, and predict monthly electricity and gas consumption for our houses. Annual expenditures are calculated by multiplying monthly consumption by 12 and multiplying by average retail price for each type of energy and then summing together. We calculate baseline annual energy expenditures for two years, 2007 and 2010, for all of the certified homes included in our data set for each city to provide estimates of energy consumption for these homes if they were not certified. We consider 2007, the last year of data used in the Alberini et al. study, and 2010, a more recent year covered by our sample of home sales data in all three cities and a year with lower natural gas prices and consequentially lower average household energy costs. The results of these calculations are displayed in Table 7 , along with the implied energy savings in Table 6 The green certification schemes in Austin and Portland are clearly capturing something other than energy savings. As explained in our descriptions of the programs above, a home meeting either the Earth Advantage or AEGB certification standards is meeting a large number of requirements related to water efficiency, types of materials used in construction, landscaping, and a host of other specifications. These could account for the large premiums associated with sale (and resale) of these homes. According to the certification agencies themselves and local builders in Austin and Portland, there is a strong sense that the certifications are more a symbol of overall home quality than any single green feature of the homes, including energy efficiency.
Conclusion
Residential buildings are responsible for about 22 percent of US carbon dioxide emissions, and improving energy efficiency of the housing stock is seen as a way to help reduce those emissions and do so cost-effectively. However, homeowners may be reluctant to invest in more energy efficient houses because they are uncertain that they will be able to recover that investment when they sell. Energy and green certification programs provide a way to signal to the real estate market that a house is more energy efficient or has other green characteristics. One way to make this signal more salient is to include this information in the MLS data sheets that sellers and realtors use to report information on house characteristics and that buyers use to learn about the homes that are on the market.
In this paper, we analyze data on housing transactions in three cities: Portland, Oregon, Austin, Texas, and the Research Triangle region of North Carolina, where the MLS listing sheets incorporate information on Energy Star certification and, in the case of Portland and Austin, on local green certifications as well. We use a hedonic approach to compare prices of certified homes to noncertified homes of similar vintages. We find that Energy Star certification results in an increase in the price of homes that were built in the first 10 years of the Energy Star program but not for homes of more recent vintages. We hypothesize that the lack of a sales price premium on more recent vintages of homes may be due to more stringent building codes in recent years narrowing the difference between Energy Star and uncertified homes. We find even bigger sales price premiums for homes certified under local certification programs. These certification programs give points for a wider range of green attributes beyond energy use and thus might be expected to have a higher value than the value of energy savings alone.
When we annualize these estimated price premiums and compare to annual energy costs in the three cities, we find that homebuyers seem to either overpay for energy savings or value other aspects of certified homes beyond energy. More research is needed to better understand the factors that determine consumers' valuation of home certifications.
Appendix. Equations and Data Used to Estimate Energy Expenditures
The model that we use to estimate electricity and natural gas demand by city comes from equations 9 and 10, respectively, in Alberini et al. (2011) . Alberini et al. use data from multiple years of the American Housing Survey between 2000 and 2007 to estimate monthly household level demand for electricity and natural gas in several cities, two of which overlap with the cities in our study and one of which is a close proxy. The estimated coefficients are reported in Table   A1 . We solve each of the equations for all of the certified houses in our data set from the perspective of 2007 and 2010 to predict energy consumption in the absence of certification. The data for the house characteristic variables in the equation come from the MLS data and thus are specific to each home. The energy price data come from EIA. For electricity, the retail price is average revenue per residential kilowatt-hours (kWh) and is calculated at the utility level, or, if the region covered by the MLS data is served by multiple utilities, the price is averaged across those utilities. Prices of natural gas are calculated similarly using data from EIA. Data on heating and cooling degree days comes from the National Oceanic and Atmospheric Administration and is calculated at the regional level so does not vary by house but does vary over time.
Sociodemographic information on the presence of an elderly person or child in the home is based on averages at the city level from Census information, and data on average household income is from the Internal Revenue Service.
We solve these equations for houses in each of our three cities in 2007 and 2010 to obtain monthly consumption of electricity and natural gas (adjusting from natural logs using the regression mean square error). In Table A2 , we compare the estimated annual average consumption of natural gas and electricity to state level averages from the US EIA. 
